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JP11-212045_E
[Title of the Invention] MANUFACTURING METHOD OF LIQUID
CRYSTAL DISPLAY PANEL

[Abstract]

[Object] There is provided a manufacturing method of a
liquid crystal display panel bésed on liquid «crystal
dropping method to manufacture the panel with high display
quality and free from alignment error by sufficiently
hardening UV curing resin that is used for adhering an
extraction electrode substrate and a light shielding
substrate.

[Solving Means] To manufacture a liquid crystai display
panel, UV curing resin 81 is applied to the peripheral
portion of the display area of a glass substrate 1 having an
extraction electrode 42 formed of a metallic thin film or
glass substrate 1 having a light shielding film 21 at the
peripheral portion of the display area, and a predetermined
amount of a liquid crystal material 7 is dropped on the
display area of one of the substrates. Then, the two
substrates are superposed and irradiated with ultraviolet
rays from the glass substrate having the metallic extraction
electrode 42 or from both sides of the two substrates, in

order to harden the seal resin.

[Claims]
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{Claim 1] A manufacturing method of a liquid crystal

display panel, characterized by comprising the steps of:

applying UV curing resin to the peripheral portion of
the display area of a glass substrate having an extraction
electrode formed of a metallic thin film or glass substrate
having a 1light shielding film at the peripheral portion of
the display area;

dropping a predetermined amount of a 1liquid crystal
material on the display area of one of the substrates;

superposing two substrates; and

irradiating ultraviolet rays from the glass substrate
ﬁaving the metal extraction electrode and thereby, hardening
the seal resin.

[Claim 2] The method according to claim 1 is characterized
in that the width of the extraction electrode in the area
superposed by the UV curing seal resin is less than 40um,
which is 2.5 times less than a distance to an adjacent
extraction electrode.

- [Claim 3] A manufacturing method of a 1liquid crystal
display panel, characterized by comprising the steps of:
applying UV curing resin to the peripheral portion of
the display area of a glass substrate having  an egtraction
electrode formed of a metallic thin film or glass substrate
having a light shielding film at the peripheral portion of

the display area;
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dropping a 'predetermined amount of a liQuid crystal
material on the display area of one of the substrates;
joining two substrates; and
irradiating ultraviolet rays from both sides of the two
glass substrates and thereby, hardening the seal resin.
[Claim 4] The method according to claim 3 is characterized
in that the width of the extraction electrode in the area.
superposed by the UV curing seal resin is less than 40um,
which is 3.0 times less than a distance to an adjacent
extraction electrode.
[Claim 5] A manufacturing method of a 1liquid crystal
display panel, characterized by comprising the steps of:
| applying UV curing resin to the peripheral portion of
the display area of a glass substrate having an extraction
electfode formed of a metallic thin film or glass substrate
having a light shielding film made of black pigment -
containing resin at the peripheral portion of the display
rarea;
dropping a predetermined amount of a liduid crystal
material on the display area of one of the substrates;
superposing two substrates; and
irradiating ultraviolet rays from the glass substrate
having the metal extraction electrode and thereby, hardening
the seal resin.

{Claim 6] The method according to claim 7 is characterized
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in that the width of the extraction electrode in the area
superposed by the UV curing seal resin is less than 30um,
which is 2.0 times less than 'a distance to an adjacent
extraction electrode. -
[Claim 7] A mahufacturing method of a 1liquid crystal

display panel, characterized by comprising the steps of:

applying UV curing resin to the peripheral portion of
the display area of a glass substrate having an extraction
electrode formed of a metallic thin film or glass substrate
having a -light shielding film made of black pigment -
containing resin at the peripheral portion of the display
area;

dropping a -predetermined amount of a liquid crystal
material on the display area of one of the substrates;

joining two substrates; and

irradiating ultraviolet rays from both sides of the two
glass substrates and thereby, hardening the seal resin.

{Claim 8] The method according to claim 7 is characterized

-in that the widﬁh of the extraction electrode_in the area
superposed by the UV curing seal resih is less than 30um,
which is 2.5 times 1less than a distance to an adjacent

extraction electrode.

[Detailed Description of the Invention]

[0001]
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[Technical Field of the Invention]

The present invention relates to a manufacturing method
of a liquid crystal display panel, more specifically, to a
joining method of two laminated glass substrates having
liquid crystal sandwiched therebetween.

[0002]

[Description of the Related Art]

A related art will be explained in reference to Figs; 9
- 12. The assembly method of a liquid crystal display panel
is largely divided into two types. |

[0003]

A first assembly method is a vacuum pressure
impregnation method, wherein glass substrates were joined
and an empty cell as shown in Figs. 9 - 11 was assembled.
The empty cell was made vacuous, and a liquid crystal
material was injected (or poured) using the differential
pressure between the vacuum pressure in the empty cell and
atmospheric préssure. In case of the wvacuum pressure
impregnation, after upper and lower glass substrates 1 were
joined and seal resin 8 was fully hardened, a liquid crystal
material was injected between the two substrates. As an
ingredient of the seal resin 8, a thermosetting resin or a
UV  curing resin can be selected depending on the
configuration of a panel.

[0004]
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In recent years, to keep abreast with the trend of
small-sized liquid crystal display panels for sake of space
saving, the seal resin 8 has been superposed on the light
shielding film 2 of the peripheral portion of a display area
as shown in Fig. 9 and Fig. 10. However, in case of using
the thermosetting seal resin, the seal resin 8 can be
sufficiently hardened regardless of a positional relation
with the 1light shielding film 2. Most of liquid crystal
display panels having been manufactured so far were
assembled by this vacuum pressure impregnation method. In
effect, this is the method for which condition examination
progressed moét.

[0005]

A second assembly method is a dropping method, wherein
a liquid crystal material was dropped on one of the
substrates, and then the other substrate was adhered thereto.
Because the throughput of the pahel formation is short and
the usage efficiency of the liquid crystal material is high,.
this method is expected as a next-generation assembly method.

[0006]

However, since the 1liquid crystal material makes a
direct contact with non-hardened seal resin, the 1liquid
crystal alignment easily comes apart. Therefore, a UV
curing seal resin material that can quickly stabilize the

liquid crystal alignment as much as possible is used.
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[0007]

[Problems to be Solved by the Invention]

As described above, when a liquid crystal display panel
is manufactured based on a dropping method, a UV curing seal
resin material is preferably used. However, to make the
ultraviolet rays of sufficient energy be irradiated onto the
seal resin, constraints are needed for the design of the
peripheral portion of the display area of the panel and the
UV irradiation method.

[0008]

Especially, for the liquid crystal display panel using
metal extraction electrode, such as a TFT liquid crystal
display panel or a reflective liquid crystal display panel
using reflection by an electrode, there is always an area on
the seal resin where sufficient ultraviolet rays are not
irradiated no matter how good the UV irradiation is
performed from all directions of the panel, and the liquid
qrysfallalignment around the area is unstable because the
seal resin is ‘not hardened sufficiently.

[0009]

For this reason, to form the liquid crystal panel with
the metal extraction electrode based on the dropping method,
as shown in Fig. 12, it is necessary to apply the UV curing
seal resin 81 to farther outside the light shielding film 2

at the peripheral portion of the display area, and to
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irradiate ultraviolet rays 90 through the UV blocking mask
91 from the substrate side with the light shielding film 21.
Since it becomes the shade of the metal exfraction electrode
42 or the light-shielding film 2 in case the peripheral area
10 is reduced by superposing seal resin to the light
shielding film 2 in the peripheral portion of the display
area as shown in Fig. 9 and Fig. 10, seal resin 8 cannot be
fully hardened.

[0010]

[Means for Solving the Problems]

In order to solve the above-mentioned problem, it is
effective to set a 1limit Von the distance between an
extraction electrode and an adjacent electrode (the area
where an electrode is not formed: inter-electrode width) by
materials of a 1light shielding film, and irradiate
ultraviolet rays from a substrate side having an extraction
electrode or irradiate ultraviolet rays from both sides of
two joined substrateé.

(0011] .

By setting a 1limit (of constraint) to the design' of
extraction electrode width and extraction inter-electrode
width, the ultraviolet rays incident upon seal resin from
inter-electrode through reflection from the surface of the
light shielding film of an opposite substrate, multiple

reflection by the surfaces of the light shielding film and
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the electrode, and dispersion by a filler agent among
sealing materials can also be fully irradiated on the shade
area of an electrode. 1In addition, the chain reaction of a
photo-initiator in seal resin helps the seal resin of the
shade area of an electrode be fully hardened.

[{0012]

[Embodiment of the Invention]

Fig. 1- Fig. 6 illustrates cross-sectional views of
major parts of a TFT liquid crystal display pénel according
to one embodiment of the present invention. In the drawings,
reference numeral 1 denotes a glass substrate, 13 denotes a
metal extraction electrode substrate, 14 denotes a light
shielding substrate, 21 denotes a metal light shielding film,
22 denotes a light shielding film made of resin, 31, 32 and
33 denote R, G and B color filters, respectively, 41 denotes
an ITO, 42 a metal extraction electrode, 5 denotes an
overcoat, 6 denotes an alignment film, 7 denotes a liquid
crystal material, 71 denotes a spacer particle, 8ldenotes an
UV curing seal resin, 90 denotes ultraviolet rays, and 91
denotes an UV blocking mask.

[0013]

Fig. 1 - Fig. 3 illustrate the cases where the 1light
shielding film 21 is formed of a thin film, and Fig. 4 - Fig.
6 illustrate the cases where the light shielding film 22 is

. made of a resin material containing the black pigment. Also,
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the cross-sectional views in Fig. 1 - Fig. 6 illustrate the
cases where ultraviolet rays 90 are irradiated from the
extraction electrode substrate 13 and from the 1light
shielding substrate 14, respectively.

[0014]

The extraction electrode width and the inter-electrode
width (the width of an area where an electrode of adjacent
inter-electrode is not formed) change according to the
material of a light shielding material and the UV
irradiation method (i.e., whether wultraviolet rays are
irradiated from the extraction electrode substrate 13 or

from both substrates 13, 14), and are limited as shown in

Table 4 below.

[0015]

Moreover, if the irradiation energy of ultraviolet rays
is greater than a predeteérmined level, the constraint is
hardly influenced by the amount of energy of irradiated
uitraviolet rays.

[0016]

Detailed embodiments df the present invention will now
be described in reference to Fig. 7, Fig. 8, Table 1, Table
2-1, Table 2-2, Table 3 and Table 4.

[0017]

[Example 1]

Photoresist was applied to a Cr film deposited glass
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substrate, and a Cr pattern substrate 10 of A-O in Fig. 7
and Table 1 was created through a series of processes
including UV irradiation through a photo mask, development,
etching and resist exfoliation. The Cr pattern has a
similar composition (simulation extraction electrode 43) to
the metal extraction electrode. When ultraviolet curing for
hardening seal resin is performed in a post process, the Cr
pattern is formed in order to make an area equivalent to the
shade of the extraction electrode. The simulation electrode
width 431 and the inter-electrode width 432 of the A-0O are

shown in Table 1.

[0018]
[Table 1]
Pattern Electrode Inter- Electrode
width (um) electrode width/Inter-
width ((pm) electrode
A ' 5 10 ~00.5
B 10 10 1.0
C 15 10 1.5
D 20 10 2.0
E 25 10 2.5
F 30 10 3.0
G 40 10 4.0
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H 20 20 1.0
I 30 20 1.5
J 40 20° 2.0
K 30 30 1.0
L 60 30 2.0
M 40 40 1.0
N 80 40 2.0
0 50 50 1.0

[0019]

A thermosetting resin made of epoxy resin was applied
(or spread) to the Cr pattern substrates 10 using a spin
coater at 20Q°C for two hours to form an overcoat 5. Next,
an ITO 41 was formed thereon by sputtering, so that a total
thickness of the film is in range from 2000A to 2500A. Then,
the film was patterned in a stripe shape through
photolithography, and a segment substrate 11 for use in STN
liquid crystal display panels was formed (refer to Fig. 8).

[0020]

An alignment film 6 made of polymerized resiﬁ material
was formed on the surfaces of the segment substrate 11 and a
color filter substrate 12 having the common pattern of ITO
prepared in advance, so that a thickness of the film is in
range from 500A to 1000A. Later, a rubbing process was

performed in a predetermined direction so that the film can
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be assembled as a STN liquid crystal display panel. The
light shielding film 2 is formed in this color filter
substrate 12, and two types of light shielding films (one
made of Cr and the other made of black pigmént—containing
resin) were prepared.

{0021)

Next, the UV curing epoxy acrylate group seal resin 81
containing 1-2% of glass fiber with an average particle
diameter of 7.0pum was applied to the peripheral portion of
the display area of the segment substrate 11 through a
screen print method. And, a predetermined amount of a
liquid crystal material 7 was dropped at the display area.
At this time, the seal resin 81 was formed in such a manner
that it is superposed with the pattern of the simulation
extraction electrode 43 formed by Cr and that it surrounds
the display area.

[0022]

On the other hand, to the color filte: substrate 12,
200-300 spacer particles 71 per square millimeter with an
average particle diameter of 6.5um made of resin having a
fixing material were dispersed, and 150 times of heat
treatments were performed in order to make sure the spacer
particles are fixed to the substrate.

| [0023]

Next, in a vacuum chamber, the segment substrate 11 and
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the color filter substrate 12 were bonded in such a manner
that the seal resin 81 is superposed on only a half of the
light shield film 2 at the peripheral portidn of the display
area of the color filter substrate 12, and were taken from
the vacuum chamber. Then, by irradiating ultraviolet rays
90 onto the seal resin 81, the STN liquid crystal display
panel shown in Fig. 8 was formed. Here, the UV irradiation
process was performed 5 minutes at 25mW/cm® (measured in
405nm), and wultraviolet rays were irradiated from the
segment substrate 11 and the color filter substrate 12,
respectively.

[0024]

After carrying out 130°C heat .annealing to the STN
liquid crystal display panels for 30 hours, a voltage was
applied to the respective panels, and the‘stability of the
alignment of liquid crystal was observed. The observation
result is shown in Table 2-1 and Table 2-2.

[0025]

Next, for measurement of the degree of polymerization
of seal resin, the panels A-0 were disassembled, the seal
resin 81 was removed, and FTIR analysis were performed. The
measurement result is shown in Table 2-1 and Table 2-2.

[0026]

[Table 2-1]
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Pattern Light Alignment Degree of

shielding polymerization
film UV (from| UV (from uv uv

one both (from (from

side) sides) one both

side) sides)

A Cr 0 0 82.1 83.3

B Cr 0 0 80.3 81.1

C Cr 0 0 81.2 79.8

D Cr 0 0 78.0 79.2

E Cr 0 0 76.3 78.8

F Cr A -0 0 71.3 77.2

G Cr X A 69.8 72.6

H Cr 0 0 80.9 82.2

I Cr 0 0 80.1 80.0

J Cr o 0 78.8 79.2

K Cr 0 o 79.9 81.1

L Cr X X 45.3 50.8

M Cr 0 0 77.6 78.2

N Cr X X 43.1 51.2

0] Cxr X X 58.6 64.2

[0027]

[Table 2-2}
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Pattern Light Alignment Degree of

shielding polymerization
film Y uov uv uv

(from (from (from (from

one both one both

side) sides) side) sides)

A Resin 0 0 79.8 80.6
B Resin 0 o) 77.9 78.6
C Resin 0 0 78.1 78.0
D Resin 0 0] 75.3 77.8
E Resin A -0 0] 73.3 76.9
F Resin A A -0 66.0 71.4
G Resin X X 58.8 64.2

H Resin 0 0 79.3 78.2
I Resin 0] 0 76.8 78.4
J Resin X X 53.4 65.3
K Resin 0 0 76.3 77.7
L Resin X . X 34.1 47.2
M Resin X A 59.3 67.7
N Resin X X 33.4 32.1
0] » Resin X X 48.8 59.9

[0028]

[Example 2]

Using A and M (a light shielding film 2 made of Cr and
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resin), the STN liquid crystal display panel shown in Fig. 8
was formed as in Example 1 among Cr pattern substrates 10 of
Example 1. Then, different amounts of UV irradiation time,
such as 1, 2, 3, 5 and 10 minutes, were set for hardening
seal resin 81, and ultraviolet rays were irradiated from the
segment substrate. After performing the heat annealing
process at 140°C for 30 hours, the stability of 1liquid
crystal alignment was evaluated. Later, the panel was
disassembled and its degree of polymerization was measured
for each seal resin, according to FTIR analysis. The result

is shown in Table 3.

[(0029]
[Table 3]
Patter Light Irradiatio | Alignmen Degree of
n shieldin ‘n time t polymerizatio
g film (min) n

A Cr 1 X 55.4
A Cr 2 , A -0 72.3
A Cr 3 | 0 81.1
A Cr 5 0 82.1
A Cr 10 0 81.9
M Cr 1 X 52.2
M Cr 2 A -0 69.3
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M Cr 3 o) 76.9
M Cr 5 0 77.6
M Cr 10 o] 78.2
A Cr 1 X 51.2
A Cr 2 A -0 70.3
A Cr ' 3 | o] 18.8
A Cr 5 0 79.8
A Cr 10 o] 78.2
M Cr 1 X . 43.1
M Cr 2 X 51.1
M Cr 3 X 59.3
M Cr 5 X 59.3
M Cr 10 X 60.0
(0030]

Table 2-1 and Table 2-2 shows that the degree of
hardening of UV curing seal resin 81 changes (i.e., differs),
depending on the electrode width 431 of the metal simulation
extraction electrode 43 and the inter-electrode width 432,
and depehding on the quality of the materials of the light
shielding film 2 of the color filter substrate 12 and the uv
irradiation methods (e.g., from which glass substrate are
ultraviolet rays irradiated?). It is believed that all
irradiated ultraviolet rays are parallel lights, and they

are not always incident on the substrate surface at right
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angles and contain many inclined light. Thus, the
ultraviolet rays are reflected from the light shielding film
2 or from the metal simulation extraction electrode 43, and
irradiate seal resin 81 in the shade of the simulation
electrode 43 or the light shielding film 2.

[0031]

According to Table 3, when a small amount of
irradiation energy of ultraviolet rays 1is greater than the
predetermined value (25mW/cm?, 3 minutes), the irradiation
energy of ultraviolet rays has almost no influence on the
electrode width 431, the inter-electrode width 432, and the
degree of seal hardening.

[0032]

From these results, the design condition of the
extraction electrode in case of assembling the 1liquid
crystal display panel using a metal extraction electrode

through UV irradiated seal resin is determined as shown in

Table 4.
[0033]
[Table 4]
Opposite uv Electrode Electrode
light irradiation. width (um) width/Inter-
shielding direction electrode
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layer width

Metal One side <40 <2.5

Metal Both sides <40 , <3.0

Resin One side <30 2.0

Resin Both sides <30 <2.5
[0034]

In this example, to check the stability of 1liquid
crystal alignment, the STN liquid crystal display panel
whose alignment is easily disturbed by insufficiently
hardened seal resin. But the same hardening effect is
obtained even though other 1liquid crystal display panels
besides those of TN mode are used.

[0036]

[Effect of the Invention]

By setting a limit to the electrode width of the metal
extraction electrode and the inter—eléctrode width, the
dropping method can be used for manufacturing a liquid
crystal display panel that has a compact peripheral portion

of the display area with stable liquid crystal alignment.

[Brief Description of the Drawings]
[Fig.1]
Fig. 1 is a cross-sectional view of a major part of a

liquid crystal display panel according to one embodiment of
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the present invention (in which a light shielding film is a
metal light shielding film, seal resin is superposed on a
half thereof, and ultraviolet rays are irradiated from an
extraction electrode substrate).

(Fig. 2]

Fig. 2 1is a cross-sectional view of a major part of a
liquid crystal display panel according to one embodiment of
the present invention (in which a light shielding film is a
metal light shielding film, seal resin is superposed on a
half thereof, and ultraviolet rays are irradiated from an
extraction electrode substrate and a 1light shielding
substrate) .

[Fig. 3]

Fig. 3 1is a cross-sectional view of a major part of a
ligquid crystal display panel according to one embodiment of
the present invention (in which a light shielding film is a
metal light shielding film, seal resin is superposed on
every part thereof, and ultraviolet rays are -irradiated from
én extraction electrode substrate).

[Fig. 4]

Fig. 4 is a cross-sectional view of a major part of a
liquid crystal display panel according to one embodiment of
the present invention (in which a light shielding film is a
light shielding film made of resin, seal resin is superposed

on a half thereof, and ultraviolet rays are irradiated from
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an extraction electrode substrate).
[Fig. 5]

Fig. 5 is a cross-sectional view of a major part of a
liquid crystal display panel according to one embodiment of
the present invention (in which a light shielding film is a
light shielding film made of resin, seal resin is superposed
on a half thereof, and ultraviolet rays are irradiated from
an extraction electrode substrate and a 1light shielding
substrate) .

[(Fig. 6]

Fig. 6 is a cross-sectional view of a major part of a
liquid crystal display panel according to one embodiment éf
the present invention (in which a light shielding film is a
light shielding film made of resin, seal resin is superposed
on every part thereof, and ultraviolet rays are irradiated
from an exfraction electrode substrate).

(Fig. 7]

-Fig. 7 is a plane view of a major part of a liquid
crystal display panei according to an example of the present
invention.

[Fig. 8]

Fig. 8 is a cross-sectional view of a major part of the
STN liquid crystal display panel prepared by an example of
the present invention.

[Fig. 9]
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Fig. 9 is a cross-sectional view of a major part of a
liquid crystal display panel assembled by a related art
vacuum pressure impregnation method (in which seal resin is
superposed on every part of a light shielding film).

[Fig. 10]

Fig. 10 is a cross-sectional view of a major part of a
liquid crystal display panel assembled by a related art
vacuum pressure impregnation method (in which seal resin is
superposed on a half of a light shielding film).

[Fig. 11]

-Fig. 11 is a cross-sectional view of a major part of a
liquid crystal display panel assembled by a related art
vacuum pressure impregnation method (in which seal resin is
not superposed on ablight shielding film).

[Fig. 12]

Fig. 12 is a cross-sectional view of a major part of a
liquid crystal display panel assembled by a related art
vacuum pressure impregnafion method (in which seal resin is
~not superposed on a light shielding film, and ultraviolet
rays are irradiated from the light shielding substrate).
[Description of Reference Numerais]

1: glass substrate

2: light shielding film

5: overcoat

6: aligﬁment film
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7: liquid crystal material

8: seal resin

10: Cr pattern substrate

11: segment substrate

12: color filter substrate

13: extraction electrode substrate
14: light shielding substrate

21: metal light shielding film

22: light shielding film made of resin
31: color filter (R)

32:_color filter (G)

33: color filter (B)

41: transparent electrodé (ITO)

42: extraction electrode

43: simulation extraction electrode
71: spacer particle

81l: UV curing seal resin

90: ultraviolet rays

91: UV blocking mask

431: electrode width

432: inter-electrode width
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